Introduction
During the last several decades, the rapid development of new energy systems, electric vehicles and consumer appliances has seen lithium ion battery (LIB) technology come to dominate the battery market [1, 2] . More recently, lithium-sulfur (Li-S) batteries have received ever-increasing attention due to their high theoretical capacity (1675 mAh g -1 ), high energy density (2600 Wh kg -1 ), extremely low cost, and low toxicity [3, 4] .
However, there are still several challenges to be overcome, such as: 1) the poor electronic conductivity of bulk sulfur and sulfides limits electron transport in the cathode and leads to low active material utilization [5, 6] ; 2) the noticeable volume expansion (up to 80%) of the sulfur cathode during cycling processes leads to pulverization and collapse of the cathode materials [7] [8] [9] [10] ; 3) the dissolution of polysulfide intermediates, such as Li 2 Sx (4≤x≤8), gives rise to shuttle phenomenon that sulfur species transport back and onward between electrodes, contributing to low Columbic efficiency and active material loss [11] [12] [13] . To date, focused efforts have been made to solve the above problems, involving introducing of conductive carbon materials (e.g. hollow carbon [8] , porous carbon [9] , disordered carbon nanotubes [14] , double-shelled hollow carbon spheres [15] , spherical ordered mesoporous carbon nanoparticles [16] ) to improve the electronic conductivity;
nitrogen-doping [2, 17, 18] ; or combining polar metallic oxides [19] to suppress the shuttle effect of polysulfide.
Despite these efforts however, many challenges still exist in order to achieve practical applications. [20] Biomass derived conductive carbon materials have attracted increasing attention on account of their abundance, sustainability, and easy accessibility [21] . Biomass-derived carbon materials, such as bamboo waste [22] , banana peel [23] , corncob waste [24] , and peanut skins [25] , have good electronic conductivity, large specific surface area, and large pore volume accommodating severe volume changes of the sulfur cathode during charge/discharge processes. Bamboo is one of the most abundant natural resources due to fast growth and short maturity cycle, and is a promising biomass resource. The bamboo stem, possesses a unique well-connected three-dimensional microtexture, and contains the three structural polymers: cellulose, hemicellulose, and lignin. It can be carbonized into a hierarchical porous carbonaceous structure at 800 ℃, which possesses large surface area, high conductivity, well-connected and a highly ordered structure [26, 27] .
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(grinding natural bamboo and soaking with KOH solution [22] ). The resultant high specific surface area and large pore volume can contribute to accommodating high sulfur content, shortening the distance for charge transport and providing more reactive sites to improve the utilization of active sulfur material. Despite this however, the specific surface area and pore volume of bamboo derived carbon materials in the reported literature so far should be promoted further [21, 22, 28, 29] .
It is well-known that KOH plays an important role in the formation of porous networks and opening up the layered graphitic structure [28] . In order to optimize the preparation process and shorten the preparation time, three different processes were employed to synthesize bamboo-derived carbon materials in this work. Firstly, bamboo strips were carbonized under high temperature by direct pyrolysis carbonization. The direct pyrolysis bamboo-derived carbon (DBC) was prepared by this method. The DBC and KOH were mixed and carbonized under high temperature for second time in what is known as the two-step activation strategy. The corresponding product is named two-step activated bamboo-derived carbon (TBC). Finally, the one-step activation strategy involves mixing bamboo strips with KOH, and carbonizing under high temperature in a single step. This product is named one-step activated bamboo-derived carbon (OBC). The three different processes are illustrated in Scheme 1. Among them, the one-step activation strategy is the most convenient and timesaving method and its product, the OBC material, exhibits a graphene-like morphology with ultrahigh specific surface area and large total pore volume. The S/C composite cathode prepared from OBC delivers a high specific capacity, long-term cycling performance, and good rate capability, which may be attributed to the abundant pore microstructures with ultrathin-wall structure. The one-step activation strategy is a promising preparation method for bamboo-derived activated carbon material, for use as a conductive matrix for cathode composite in Li-S batteries.
Experimental Section

Materials Preparation
Synthesis of bamboo-derived carbon materials
The bamboo culms were collected from bamboo gardens in Xi'an University of Technology (Xi'an, China) and firstly cut into bamboo strips (length: ~5 mm; width: ~3 mm; thickness: ~0.5 mm) using a penknife. The bamboo strips were cleaned with distilled water and alcohol and then dried at 60 ℃ in the oven for 24 h before M A N U S C R I P T
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further processing.
Method a: direct pyrolysis carbonization
The dry bamboo strips were transferred to a tube furnace with nitrogen flow and preheated to 300 ℃ for 30 min to remove free and bound water, then annealed at 800 ℃ for 1 h with a heating rate of 5 ℃ min -1 . The obtained product was washed thoroughly with distill water and alcohol several times. Finally, the washed product was dried in air at 80 ℃ for 12 h then fully ground into small particles which we denote as DBC particles in this article.
Method b: two-step activation
The as-obtained DBC particles were mixed with KOH (w/w=1:4) and stirred for 1 h. After the initial mixing process, 20ml distill water was added into the above mixed solution with mechanical agitation for 5 h at 80 ℃. The product was then dried in an oven at 80 ℃ for 24 h. Subsequently, the mixture was transferred to a tube furnace with nitrogen flow and preheated to 300 ℃ for 30 min, then annealed at 800 ℃ for 1 h with a heating rate of 5 ℃ min -1 . The product was cooled to room temperature and then washed with 1 M HCl solution, followed by washing with distilled water several times until the pH of the mixture solution was 7. The particles were then dried in air at 80 ℃ for 12 h. Finally, the product was fully ground into small particles and named as TBC.
Method c: one-step activation
The dry bamboo strips were directly mixed with KOH (w/w=1:4) and stirred for 1 h. After adding 20 mL distilled water, the solution was heated to 80 ℃ with stirring for 5 h and then dried in an oven at 80 ℃ for 24 h.
The mixture was transferred to a tube furnace with nitrogen flow and preheated to 300 ℃ for 30 min, then annealed at 800 ℃ for 1 h at a heating rate of 5 ℃ min -1 . After being treated, the residue was washed with 1 M HCl solution and distill water until the pH was 7. Finally, the washed product was dried in air at 80 ℃ for 12 h and fully ground into small particles. The obtained sample was named as OBC.
Preparation of carbon/sulfur composites
The sulfur/carbon composites were prepared by a conventional melting diffusion strategy. Briefly, the sublimed sulfur powders and the as-prepared bamboo-derived carbon were mixed (weight ratio of 6 : 4) and ground in an agate mortar, then sealed in a vacuum glass tube. The tube was heated at 158 ℃ for 10 h in a muffle furnace under an N 2 atmosphere. After cooling to room temperature, the S/DBC, S/TBC, and S/OBC M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT composites were obtained.
Materials Characterization
The microstructure and morphology of all samples were characterized by X-ray powder diffraction (XRD) analysis using a D/MAX2550V x-ray diffractometer (Rigaku, Japan) with Cu K α1 radiation (k = 1.5406 Å) at 40 kV and 40 mA, a JSM-6700F scanning electron microscopy (SEM, JEOL, Japan), and JEM-2100F transmission electron microscopy (TEM, JEOL, Japan). Energy dispersive X-ray spectroscopy (EDX) analysis and element mapping were obtained from JSM-6700F (JEOL, Japan). The specific surface areas and pore volumes of all samples were measured by the Brunauer-Emmett-Teller (BET) method using nitrogen adsorption and desorption isotherms on a Micromeritics (JW-BK122-B, JWGB SCI. & Tech., China). Pore size distribution plot is obtained by Horvath-Kawazoe method from the adsorption branch of the N 2 adsorption/desorption isotherms. The S content in the C/S composites were determined by thermogravimetric analysis (TGA) carried out under an N 2 atmosphere from room temperature to 500 °C on a Series Q500 instrument (TA Instruments, USA).
Electrochemical measurements
All samples were mixed with conductive graphite (KS-6) and polyvinylidene fluoride (PVDF) at a weight ratio of 70:20:10 and then N-2-methylpyrrolidinone (NMP) was added dropwise to form a slurry. The homogeneous slurry was cast onto aluminum current collectors, followed by vacuum drying at 55 °C for 12 h, and punching into round cathodes. The CR2025-type coin cells were assembled in an argon-filled glove box where water and oxygen were both below 0.1 ppm. Lithium metal was chosen as the counter electrode and a polypropylene membrane (Celgard 2300) served as the separator. The electrolyte was 1 M bis (trifluoromethane)sulfonylimide lithium (LiTFSi) with 1 wt.% LiNO 3 as an additive dissolved in the mixture of dimethoxyethane (DME) and 1, 
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Results and discussion
The TGA results of bamboo strips under Ar atmosphere are shown in Fig. S1 . The weight loss from room temperature to 200 ℃ is 3.23 wt.% due to the evaporation of water. The weight loss of 70.05 wt.% from 200 to 800 ℃ arises from the decomposition and oxidation of the small and large organic molecules such as cellulose, hemicellulose, and lignin [21] . The XRD patterns of three kinds of bamboo-derived carbon materials (DBC, TBC, and OBC) are displayed in Fig. 1(a) . As can be seen, all the XRD patterns are composed of two broad diffraction peaks located at ~24 ° and ~44 ° assigning to the (002) and (100) facets of the hexagonal carbon, which reveal that the three carbon materials exist in a mixed state of amorphous and crystalline phase.
Moreover, the peak intensity of OBC is lower than that of DBC and TBC, suggesting that the amorphous degree of OBC is higher than the other samples, which could be due to the graphitic planes being broken by the creation of more porous structure with smaller fragments. Raman spectroscopy is used to characterize the graphitization of OBC and the result is shown in Fig. 1(b) . There are two major Raman bands located at 1328
and 1594 cm -1 . which are identified as the disorder-induced D band and the in-plane vibrational G band, respectively [29] . The peak height ratio of I D /I G is 1.09,which is higher than that of reported bamboo-derived carbon materials [22, 29, 30] , indicating a higher amorphous degree and more defect sites in OBC framework.
Nitrogen adsorption and desorption measurements (at 77 K) were employed to analyze the differences in the micropores and mesoporous properties of the as-synthesized carbon materials, which gives an insight into the activation effect of KOH on the mesoporous properties of the bamboo-derived carbon material. The nitrogen adsorption/desorption isotherms and corresponding pore size distribution of DBC, TBC, and OBC are displayed in Fig. 2 . In the adsorption/desorption isotherms ( Fig. 2(a) and the pore volume is 1.146 cm 3 g -1 , which demonstrates that OBC has much higher BET surface areas than that of DBC and TBC due to the generation of more micro-and meso-pores during the pyrolysis carbonization process. The corresponding pore size distribution was calculated by the Saito-Foley method and is displayed in M A N U S C R I P T
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the inset of Fig. 2(c) . . It has been observed that high specific surface area and large pore volume can contribute to accommodating high sulfur content, which can shorten the distance for charge transport and provide more reactive sites to improve the utilization of active sulfur material. Moreover, the hierarchical porous microstructure can not only supply facile transport channels for Li-ions, but also efficiently retain the intermediates in the cathodic chamber to reduce the loss of the active material and prevent the polysulfides shuttling to the anodic compartment [29] .
The morphology of the bamboo-derived carbon materials had been further investigated by digital camera, SEM, and TEM. The corresponding images are displayed in Fig.3 . Pristine bamboo strip exhibits a vascular bundle structure composing of hollow cylindrical cells linked together as shown in the digital image ( Fig. 3(a) ).
As displayed in the SEM image ( Fig. 3(b) ), there are only a few holes that can be found on the surface of the DBC sample particles. The holes are much less frequent than the raw bamboo material arising to incomplete carbonization. Additionally, abundant pores retained from the raw bamboo can be obviously observed in the TBC sample (shown in Fig. 3(c) ). The formation of these pores is due to activation by KOH. However, as can be seen in the SEM images ( Fig. 3(d, e) ) and TEM image (Fig. 3(f) ) of OBC material, the morphology was changed thoroughly. In the low-magnification SEM image ( Fig. 3(d) ), the particles previously observed have given way to abundant graphene-like thin sheets which are also observed in the high-magnification SEM image ( Fig. 3(e) ). The TEM image (Fig. 3(f) ) further confirms the graphene-like morphology and porous microstructure of the OBC material contributing to the large specific surface area, which is consistent with the N 2 adsorption/desorption results (Fig. 2) .
After sulfur is loaded into the bamboo-derived carbon material, the morphology of the S/OBC, displayed in Fig. 3(g) , is clearly different from the OBC morphology observed in Fig. 3(e) . The surface of OBC sheets become smoother without any observable pores on account of sulfur particles filling into the pores of OBC. In order to further verify the distribution of sulfur in the composite, EDS mapping analysis was carried out on the S/OBC composite, and the corresponding elemental mapping images for sulfur and carbon are shown in Fig. 
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3(h) and (i), respectively. The bright red spots represent sulfur and the green spots represent carbon. We observe a uniform distribution of sulfur throughout the whole area, concurrently with a uniform coverage of carbon. The results demonstrate that the sulfur and the carbon are alternate distribution in the scan region, which illustrates the majority of the sulfur has been well impregnated in the pore structure of the OBC. The homogeneous distribution of sulfur in the composite can improve the performance of Li-S batteries.
XRD patterns and TGA curves of pure sulfur, S/DBC, S/TBC, and S/OBC composites are displayed in Fig.   4 . The sublimed sulfur shows strong sulfur diffraction peaks (Fig. 4(a) ) (JCPDF NO. 08-0247). All XRD patterns of S/C composites in Fig. 4(a) show sulfur signals and the intensity is decreasing step-by-step from S/DBC to S/TBC and S/OBC, implying that sulfur is in a highly dispersed state inside the pores [9] . The corresponding TGA curves (Fig. 4(b) ) show that the sulfur mass loading of S/OBC, S/TBC, and S/DBC composites are 58.5 wt. %, 57.6 wt. %, and 53.4 wt. % respectively. The S/OBC composite has the highest sulfur mass loading, which is due to the fact that the OBC exhibits the largest specific surface area and pore volume giving it the strongest adsorption ability.
The electrochemical properties of the S/DBC, S/TBC and S/OBC cathodes are evaluated using CR2025-type coin cells. Fig. 5 (a-c) displays the galvanostatic charging-discharging profiles of S/DBC, S/TBC, and S/OBC cathodes. All charging-discharging profiles were measured at a rate of 0.1 C. The discharging curves represent the lithiation capacities of the S/DBC, S/TBC and S/OBC cathodes and the 1 st discharging capacities are 696, 846, and 1453 mAh g -1 respectively. Afterward the capacities of the samples are attenuating along with the cycling number increasing. There are two obvious plateaus present in the discharge curves, corresponding to the two different reduction processes for the S/C composite cathodes. Noteworthily, the second plateau of the 1st discharge curves are lower in voltage than subsequent cycles and possess long tails which disappear in subsequent cycles, which we attribute to the decomposition of LiNO 3 additives. This can promote the formation of a stable passivation film on the Li metal anode and effectively suppress the redox shuttle of polysulfides. However, LiNO 3 was reduced irreversibly on the cathode surface at voltages lower than 1.6 V, as a result of the growing of passivation film on the Li anode. When LiNO 3 was exhausted, the cell impedance and charge-discharge polarization can be optimized [31] . In addition, the S/OBC cathode possesses longer and higher than those of S/DBC, S/TBC cathodes and have a large increased capacity from 1.9 V to 1.7 V, which circled in Fig. 5(c) can be attributed to the deep reduction from short chain polysulfides to the final M A N U S C R I P T
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products of Li 2 S and Li 2 S 2 . The enhanced performances can be attributed to the hierarchical porous microstructure of the OBC matrix, which can provide large pore volume for sulfur infiltration, a mesoporous structure for rapid ion transport, and thus high power performance and small pores for reducing polysulfide dissolution [32] . respectively. When the rate returned to 0.1 C, 691 mA g -1 was obtained again. It is clearly observed the rate performances of the S/DBC, S/TBC cathodes are inferior to the S/OBC cathode because the hierarchical architecture of mesoporous and macro-pores in OBC can promote the penetration of electrolyte into the porous carbon. Consequently, it shortens the diffusion path for the ingress/egress of Li + to react with sulfur [32] . The good rate performance reveals that the interfacial charge-transfer process and lithium-ion diffusion in the S/OBC nanocomposite are critically favorable for electrochemical reaction of sulfur.
It is noteworthy from the Fig.5 (e) that the capacity of S/OBC composite at 1 C is very stable. The long-term (500 cycles) cycling performance of the S/OBC cathode at 1 C is presented in Fig. 5(f) , which M A N U S C R I P T
indicates the outstanding electrochemical stability compared to the other composite cathodes. Relatively high reversible capacities of, 382 mAh g -1 after 100 cycles, and 255 mAh g -1 after 500 cycles, at 1 C are obtained from the Fig. 5(f) . The average capacity attenuation from 100th cycle to 500th cycle is about 0.33 mAh g -1 per cycle, namely the capacity decay rate is only 0.0016% per cycle. We compare the electrochemical performance of the S/OBC cathode (the current work) with other related state-of-the-art S cathodes based on bamboo-derived carbon host materials, which is depicted in Table 3 . The S/OBC composite shows excellent electrochemical performance, such as the second-high initial capacity, the third rate performance, and the longest cycle life with useable capacity.
Cyclic voltammetry (CV) testing was conducted to investigate the electrochemical mechanisms of the as-prepared S/OBC cathode materials. polysulfides, to insoluble Li 2 S, respectively. In the subsequent anodic scan, one asymmetric oxidation peak is observed at around 2.4 V and attributed to the conversion of lithium sulfides to polysulfides and sulfur [33, 34] . Meanwhile for the 50 th cycle, the positions of the reduction peaks are transferred to higher voltages due to the activation of cathode materials. In addition, the integral areas of the reduction peaks are decreased confirming the loss of the capacity. In the subsequent anodic scan, two weak peaks with reduced area are observed which implies that the S/OBC cathode material is activated gradually during the cycling process and the electrical conductivity of the active substance is improved as well.
To further understand the improved electrochemical performances of S/OBC cathode materials, the EIS (Fig. 6 ) of the S/DBC, S/TBC and S/OBC cathodes before discharge and after 50 cycles were measured to study the dynamics for lithium insertion and extraction during cycling. Before discharging, the impedance spectra in Fig. 6 (a) are composed of a short inclined line at the low frequency region representing semi-infinite diffusion of soluble lithium polysulfide in the electrolyte (Warburg impedance) and a semicircle at the medium-to-high frequency attributing to the charge transfer process at the interface between the electrolyte and sulfur electrode (R ct ). The high-frequency intercept on the real axis represents M A N U S C R I P T
the resistance of the electrolyte (R e ). [28] However, after 50 cycles, the impedance spectra in Fig. 6(b) added a new small resistance, including two depressed semicircles followed by a long sloping line. The straight line is still attributed to the diffusion of Li ions in the matrix (Warburg impedance). The semicircle in the high frequency range is related to the solid-electrolyte-interface (SEI) film caused by the formation of Li 2 S (or Li 2 S 2 ) on the surface of the carbon cathode (R s ). The semicircle in the medium frequency region reflects the R ct [22] . The equivalent circuit models for analyzing impedance spectra are shown in the inset of Fig. 6(a) and Fig. 6(b) , respectively. CPE is a constant phase element which is used instead of capacitance and W c is the Warburg impedance due to the diffusion of the polysulfides within the Cathode [28] . The fitted R e , R ct , R s values of the cells according to the equivalent circuit are shown in Table 2 .
All the R e of three samples are less than 10 Ω, attributing to the good electronic conductivity of bamboo-derived carbon materials. After 50 cycles, the R ct of all the samples decrease dramatically,
indicating that an active process may be necessary for the penetration of the electrolyte into the electrodes [10] . Simultaneously, the semicircle in the high frequency range arises with cycling, which should be a result of the irreversible deposition and aggregation of insoluble Li 2 S and Li 2 S 2 on the surface of bamboo-derived carbon materials. The R s of S/DBC is larger than those of the other samples, which may be due to a thicker deposited layer. Noticeably, no matter before or after cycling, the sample made from S/OBC cathode possesses lowest impedance because of the great electrical conductivity of OBC. The transportation of Li-ions becomes much easier as the cycle number increase, which in turn benefits the high rate capability of the cathode during long cycling as a result of the infiltration of the electrolyte and chemical activation process for the dissolution and redistribution of the active materials [35] .
Consequently, the S/OBC composite cathode demonstrates the best performance, attributing to the hierarchical porous microstructure, which give rise to the highest sulfur utilization and least shuttle phenomenon.
Conclusions
Three types of Bamboo-based activated carbon materials (DBC, TBC, OBC) have been successfully synthesized by the simple pyrolysis carbonization method with or without KOH activation. The OBC sample prepared via one-step activation strategy possesses a hierarchical porous structure, giving rise to a large pore volume of 1.146 cmM A N U S C R I P T
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materials were mixed with sulfur material to fabricate carbon-sulfur composites (S : C = 6 : 4) as the cathode materials in Li-S batteries. The S/OBC composite cathode exhibited extraordinary electrochemical performance due to the hierarchical porous structure. The large total pore volume and excellent specific surface area play key roles in encapsulating sulfur and adsorbing polysulphides, which facilitated electrical contact between the sulfur and the conductive carbon framework during the charge/discharge process and reduced the shuttle phenomenon during cycling. In addition, the porous structure allows a greater degree of electrolyte infiltration into the cathode material. Therefore, the S/OBC sample delivers a high initial capacity of 1453 mAh g -1 at 0.1 C and high reversible capacities of 382 mAh g -1 after 100 cycles and 255 mAh g -1 after 500 cycles at 1 C. Consequently, the OBC could replace the commercial activated carbon and other more expensive carbonaceous materials, for use in energy storage devices, due to its easy availability, low cost, and excellent surface area. Our work suggests that the natural resource of common bamboo could be an essential raw material for future energy storage applications. M A N U S C R I P T M A N U S C R I P T 
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